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Description 
Small Particle Formation and Encapsulation 

The present invention is concerned with the 
simultaneous formation and encapsulation of small 
5 particles from solutions of compounds whose solubility 
is greater in one solvent than in another. The pro- 
cess is preferably used to prepare a readily soluble 
encapsulated pharmaceutical^ active compound. 

Background of the Invention 

10 From a pharmaceutical point of view, the smaller 

the particle size of a relatively insoluble drug the 
greater is its rate of solution and as a rule, the 
greater is its bioavailability (J.H. Fincher, J. 
Pharm. Sci., 52, 1825 (1968)). To this end, small 

15 particles are conventionally formed by mechanical 

subdivision of bulk matter or by aggregation of small 
molecules or ions (D.J. Shaw, "Introduction to Colloid 
and Surface Chemistry", 3rd Ed., Butterworths , London, 
1980, Chapter 1). The production and applications of 

20 microcapsules for medical and technical use have been 
extensively reviewed (L.A. Luzzi, J. Pharm. Sci., 59, 
1367 (1970); A. Kondo, "Microcapsule Processing and 
Technology", Marcel Dekker, New York (1979); J.E. 
Vandegaer, "Microencapsulation: Processes and Appli- 

25 cations", Plenum Press, New York (1976); J. R. Nixon, 
"Microencapsulation", Marcel Dekker, New York (1976); 
J. A. Bakan and J.L. Anderson, in "The Theory and 
Practice of Industrial Pharmacy", Second Ed., (Ed. L. 
Lachman, et al.), Lea's Febiger, Philadelphia, 1976, 

30 p. 420; M.H. Gutcho, "Microcapsules and Microencapsu- 
lation Techniques", Noyes Data Corp., New Jersey, 
(1976)). 
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Summary of the Invention 

A method has now been found which involves the 
formation of small core particles of an active com- 
pound from solution and the concurrent encapsulation 
5 of the core particles in a coacervate of the encapsu- 
lating material when the solvent system is altered. 
This process of encapsulation of an active compound in 
a natural or synthetic polymer protects and stabilizes 
the active core compound. 

10 The new method for encapsulating organic com- 

pounds whose solubility varies significantly from one 
solvent system to another comprises: 

(a) dissolving said compound in a first 
aqueous or nonaqueous solvent; 

15 (b) preparing a solution of encapsulating 

material and an electrolyte in a second solvent which 
is miscible with the first solvent and in which the 
compound to be encapsulated is more or less insoluble, 
in an amount which is effective (but present in an 

20 amount just insufficient) to cause coacervation of the 
encapsulating material without interacting with it; 

(c) mixing the solutions from step (a) and 
(b) while stirring to cause the concurrent precipita- 
tion of the compound as small particles and formation 

25 of a coacervate of the encapsulating material; 

(e) gelling the encapsulating material; and 

(f) hardening the encapsulating material. 
If necessary to cause precipitation additional quant- 
ities of the electrolyte used in step (b) may be 

30 added. 

After the first encapsulation the microcapsules 
can be redispensed and a second wall can be deposited 
over the first. 

In this process, coacervation of the encapsulat- 
35 ing material is believed to result from the change of 
solvent character of the solution, which disturbs the 
system, when taken together with the electrolyte 
initially present and causes coacervation. 
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Suitable pharmaceutically active compounds whose 
solubility decreases from one solvent system to 
another , are, for example, budesonide, felodipine, 
bacampicillin, griseof ulvin, indomethacin, erythro- 
5 mycin, theophylline, salicylic acid, nifedipine, 

remoxipride, chlorzoxazone, lidocaine and alaproclate. 

A suitable encapsulating material which will form 
a coacervate is, for example, gelatin (preferably of 
the type B; acid processed), methylcellulose, hydroxy- 

10 propyl methylcellulose, sodium carboxymethylcellulose, 
ethylcellulose, cellulose acetate phthalate and poly- 
vinylpyrrolidone. A suitable electrolyte which is 
effective to cause coacervation of the encapsulating 
material without interacting with it is, for example, 

15 sodium sulfate solution, preferably a 530% aqueous 

solution which may also contain a suitable cosolvent, 
for example, an alcohol or a wetting agent at about 
0-10%. The compound, encapsulating material, wetting 
agent and electrolyte can be combined in step (a) in 

20 ratios of about (0.1-6) : (0.1-4) : (0.1-10) : (0.4-48) . 

The gelling of the encapsulating material can be 
achieved by treatment of the encapsulating material 
with cold (5°C) Na 2 S0 4 solution. If polyvinyl- 
pyrrolidone is used as the encapsulating material 

25 gelling can also be achieved by a number of other 
methods, for example; 

1. application of heat (to 60°C); 

2. addition of hydrochloric acid, 0.05N- 
l.ON (10 ml 0.1M HCl/ml) to the mixture to be gelled; 

30 3. application of heat (40-45°C) plus addi- 

tion of sodium sulfate solution; 

4. application of heat plus addition of 
hydrochloric acid; 

5. application of heat (40-45°C) plus addi- 
35 tion of hydrochloric acid and sodium sulfate. 

If ethylcellulose is used as the encapsulating 
material temperature change can be used to cause 
coacervation of the ethylcellulose. 
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Once formed/ the gelled or "unhardened" micro- 
capsules can be hardened by first centrifuging a sus- 
pension of the microcapsules to produce a concentrated 
suspension. The concentrated microcapsules are washed 
twice with water by redispersing and centrifuging* 
The washed microcapsules are then redispersed in 
water, formaldehyde solution or glutaraldehyde solu- 
tion is added and the suspension allowed to stand at 
room temperature for 15-20 hours. The suspension is 
centrifuged, the microcapsules washed twice with 
water , following which they are dehydrated by being 
redispersed in a water/isopropanol (or other suitable 
alcohol) mixture, filtered, washed twice with alcohol, 
filtered and dried. The encapsulated particles formed 
by this process are less than 100 um, preferably less 
than 10 jim; and the core particles are less than 
25 ym, preferably less than 1 pm. 

In an alternate embodiment, a. suitable acid may 
be used to convert the free base of a compound to its 
salt form or for the free acid to be converted to the 
salt form by the addition of a base, prior to step 
(b). 

For some applications a double wall microcapsule 
is useful ♦ In forming a double wall, the single 
walled microcapsule is redispersed and a second wall 
is deposited over the first. 

Detailed Description of the Invention 

According to one embodiment of the invention, the 
process comprises the following steps which are per- 
formed at about 55 °C. 

(a) dissolving a pharmaceutical^ active 
compound in a first solvent; 

(b) adding to the solution obtained in step 
a, a solution of gelatin and sodium sulfate in a 
second solvent which is miscible with the first sol- 
vent and in which the active compound is more or less 
insoluble while keeping the solution under constant 
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agitation which results in a suspension of encapsu- 
lated pharmaceutical^ active small particles and 
coacervation of the gelatin; and 

(c) adding a solution of sodium sulfate. 

5 The suspension is then poured into cold sodium sulfate 
solution and stirred at the temperature of an ice 
bath. This procedure causes "gelling" of the liquid 
gelatin shell of the microcapsules. The microcapsules 
are then collected, for instance, by centrifugation; 
10 or 

(d) the suspension is centrifuged and 
washed twice with water, centrifuged, dispersed into 
water, formaldehyde or glutaraldehyde solution is 
added under stirring which is continued for several 

15 hours, or the suspension can be allowed to stand at 
room temperature. This procedure causes hardening of 
the gelled microcapsule "shell. The suspension is 
centrifuged, the microcapsules washed twice with 
water, redispersed in water with stirring, isopropanol 

20 added, filtered, washed twice with isopropanol, fil- 
tered and dried." This procedure causes dehydration of 
the hardened microcapsules. The formaldehyde should 
be added as a 5-37% solution, preferably a 37% (w/w) 
solution. The alcohol can be any water-miscible 

25 alcohol, preferably isopropanol, and the mixture with 
water can be 5-50% (w/w) isopropanol. 

The process of forming microcapsules according to 
this invention can be illustrated by the following 
examples . 
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Example 1 

A solution consisting of 0.38 g felodipine and 
2.0 ml of polyethylene glycol 400 was kept under con- 
stant agitation with a magnetic stirrer while a solu- 

5 tion consisting of 1.25 g gelatin (type B:acid pro- 
cessed), 4 g of sodium sulfate and 50 ml of water was 
added. This procedure resulted in a white suspension 
of microencapsulates felodipine particles. An addi- 
tional 50 ml of 20% sodium sulfate solution was added 

10 and the suspension was then stirred for an additional 
15 minutes , following which it was poured into 200 ml 
of cold (5°C) 7% sodium sulfate solution, and stirred 
for 30 minutes at ice-bath temperature. This proced- 
ure caused gelling of the liquid gelatin shell of the 

15 microcapsules. The suspension of gelled microcapsules 
was centrifuged and washed twice with water by redis- 
persing and centrifuging . The microcapsules, were 
redispersed in 50 ml of water, 5 ml of 37% formalde- 
hyde solution added under stirring and the suspension 

20 allowed to stand at room temperature for 15-20 hours. 
This procedure caused hardening of the "gelled" gela- 
tin shfell of the microcapsules. The suspension was 
centrifuged and the microcapsules were washed again 
twice with water, following which they were redis- 

25 persed in 10 ml of water with stirring and 50 ml of 

isopropanol added slowly.- The suspension was filtered 
and washed twice with 50 ml of isopropanol, filtered 
and dried in an oven at 35°C. This procedure caused 
dehydration of the hardened capsules. The dry micro- 

30 capsules were stored in well-closed containers at room 
temperature. The entire process was monitored by 
observation of samples in the optical microscope. The 
microcapsules were of asymmetric appearance and of a 
size less than 10 urn. 

35 A schematic diagram of the entire process accord- 

ing to Example 1 is illustrated below: 
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10 



r 



r -i 

I Dissolve 0.38 g of felodipine in j 
j 2.0 ml of polyethylene glycol 400. [ 

: .7 / 

Form felodipine particles by the addition of a 
2.5% gelatin solution containing 8% sodium sul- 
fate (simultaneously encapsulating with gelatin). 



I 



- - 



I Add 20% sodium sulfate solution. ' 



L 



Steps above this line performed performed at 55°C 



15 which is above the gelling point of gelatin (35°C) 

r * 

I Gel the microcapsule wall by pouring the sus- 

i pension into cold (5°C) sodium sulfate solution. 
L _ J 



20 



" 1 
j Harden the encapsulating material J 

I by adding formaldehyde solution. } 

1 _ 1 



| ' " " 1 

25 , Dehydrate the microcapsules by adding isopropanol | 
{ and collect the microcapsules by centrif ugation . ' 
L J 
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A solution consisting of 0.7 g of budesonide in 2 
ml of N,N-dimethylformamide was freshly prepared. 
While this solution was held under constant agitation 
(500 rpm) with a magnetic stirrer, a second solution 
consisting of 50 ml of .2% methylcellulose and 6 ml of 
20% sodium sulfate was added. The stirring speed was 
changed to 1270 rpm immediately after mixing the two 
solutions and stirring was continued at room tempera- 
ture for 15 minutes. The microencapsulated budesonide 
particles were collected by centrifugation, washed 
twice with 25 ml of water, and f reeze-dried. Both 
methylcellulose 25 cps (Dow Chemical Co.) and METHOCEL 
A 15LV Premium (Dow) were studied. 
15 The entire procedure was monitored by observation 

of samples in the optical microscope. A schematic 
diagram of the process is illustrated below: 



10 
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10 



J Dissolve 0,7 g budesonide in 

j 2 ml of N, N-dimethyf ormamide. 
I 



Form budensonide particles by the 
addition of a solution consisting 
of 50 ml of 2% methylcellulose and 
6 ml of 20% sodium sulfate (simul- 
taneously encapsulated with 
methylcellulose) . 



15 



, ^ 

The microcapsules were collected by 

centrifugation, washed with water, 

and f reeze-dried. 
i J 
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Example 3 

The procedure for the preparation of hydroxy- 
propyl methylcellulose microcapsules was similar to 
that for the methylcellulose microcapsules described 
5 in Example 2. A solution consisting of 0.35 g of 

budesonide in 1 ml of *N , N-dime thylf ormamide was fresh- 
ly prepared. While this solution was held under con- 
stant agitation (500 rpm) with a magnetic stirrer, a 
second solution consisting of 100 ml of 0.5% hydroxy- 

10 propyl methylcellulose { METHOCEL F4M Premium, Dow) and 
22 ml of 20% sodium sulfate was added. The stirring 
speed was changed to 1270 rpm immediately after mixing 
the two solutions and stirring was continued at room 
temperature for 20 minutes. The microencapsulated 

15 budesonide particles were collected by centrifugation, 
washed twice with water (50 ml and 20 ml in sequence), 
and f reeze-dried. 

The entire procedure was monitored by observation 
of samples in the optical microscope. A schematic 

20 diagram of the process is illustrated below: 



WO 86/03676 



-11- 



PCT/US85/02492 



J Dissolve 0.35 g budesonide in [ 

! 1 ml of N/N-dimethylformamide- J 

r 



10 



15 



r 



Form budesonide particles by the addition 
of a solution consisting of 100 ml of 0.5% 
hydroxypropyl methylcellulose and 22 ml of 
20% sodium sulfate (simultaneously encap- 
sulated with METHOCEL F4M premium). 



The microcapsules were collected by centri- 
fugation f washed with water , and f reeze-dried. 
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Example 4 

Single-wall methylcellulose microcapsules were 
prepared first by the process described in Example 2 
using methylcellulose 25 cps (Ruger Chemical Co.). 
5 After the single wall microcapsules were collected by 
centrifugation and washed once with 25 ml of water, 
they were redispersed in 10 ml of water and mixed with 
40 ml of 0.625% hydroxypropyl methylcellulose solution 
(METHOCEL F4M Premium, Dow). While under constant 

10 agitation (800 rpm) with a magnetic stirrer, 13.5 ml 
of 20% sodium sulfate solution was added dropwise. 
The stirring was continued at 800 rpm for 3 minutes 
and at 200 rpm for an additional 20 minutes. The 
microcapsules were collected by centrifugation, washed 

15 twice with 25 ml of water, and f reeze-dried. 

The entire procedure was monitored by observation 
of samples in the optical microscope. A schematic 
diagram of the process is illustrated below: 
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10 



15 



20 



25 



30 



Dissolve 0.7 g budesonide in | 
2 ml of N,N-dimethylformamide. | 

J 



Form budesonide particles by the 
addition of a solution consisting 
of 50 ml of 2% methylcellulose 
and 6 ml of 20% sodium sulfate 
(simultaneously encapsulated 
with methylcellulose). 



The microcapsules were collected 
by centrifugation, washed once with 
25 ml of water , and redispersed 
in 10 ml of water. 

■ j 

' i 

Add 40 ml of 0.625% 
hydroxyporpyl methyl- 
cellulose solution. 
L j 



1 



I 1 

Add 13; 5 ml of 20% sodium 
sulfate solution drop-wise 
to cause coacervation, 
t- _ _ _ _ . 



The double-walled microcapsules were 
collected by centrifugation, washed 
with water, and f reezed-dried. 
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Example 5 

A solution of ethylcellulose in cyclohexane was 
prepared by heating and stirring the desired amount of 
ethylcellulose (ETHOCEL 100 cps, Dow) and surfactant 
5 in 20 ml of cyclohexane. When the ethylcellulose and 
surfactant were dissolved and the temperature was 
above 75 °C, this hot solution was poured immediately 
into a suspension of microcapsules freshly prepared by 
sonicating 0.2 g of dry single-wall microcapsules in 5 

10 ml of cyclohexane for one minute. The single wall 
microcapsules used in this Example were coated with 
methylcellulose 25 cps (Ruger Chemical Co.) according 
to the process described in Example 2. 

The mixture was first stirred at room temperature 

15 at a speed of 400 rpm. After cooling down to 25-28°C 
(approximately 30 minutes), it was placed in a 10°C 
water bath, stirred for 5 more minutes, and then mixed 
with 25 ml of hexane. This mixture was continuously 
stirred at 400 rpm for another 5 minutes. The resul- 

20 tant double wall micrpcapsules were washed twice with 
25 ml of hexane by decanting the supernate, and col- 
lected by filtration. The microcapsules were dried in 
air overnight and then in a reduced-pressure oven at 
40°C for 30 minutes. A schematic diagram of the pro- 

25 cess is illustrated below: 



-15- 



WO 86/03676 



PCT/US85/02492 



10 



15 



20 



Disperse 0.2 of dry 
single-walled methyl- 
cellulose microcapsules 
in 5 ml of cyclohexane 
by sonication for one 
minute. 



I 1 

Dissolve ethylcellulose 

and surfactant in 20 ml 
of cyclohexane by stir- 
ring and heating up to 
75°C. 



v. :.7 



1 



Mixing. 



i ^- ( 

I . 1 



i 

u 



Gradually cool down to 25-28°C | 
by stirring at room temperature. [ 



r 



L 



Quickly cool down to 10°C by placing 
the mixture in a 10 °C water bath. 



( 1 f 

f i 



i Add 25 ml of hexane. 
I 



25 



Decant the supernate and wash the micro- 
capsules twice with 25 ml of hexane. 



Collect the microcapsules by filtration. 



30 



I Dry the microcapsules in the air overnight then j 

J in a reduced-pressure oven (40°C) for 30 minutes.} 
1 J 



Claims 



A process for encapsulating an organic compound 
whose solubility is greater in a first solvent 
than in a second solvent which process comprises: 

(a) dissolving said compound in a first solvent; 

(b) preparing a solution of encapsulating mate- 
rial and an electrolyte in a second solvent 
which is miscible with the first solvent and 
in which the compound to be encapsulated is 
more or less insoluble , in an amount which 
is effective, but which electrolyte is pres- 
ent in an amount just insufficient to cause 
coacervation of the encapsulating material 
without interacting with it; 

(c) mixing the solutions from step (a) and (b) 
while stirring to cause the concurrent pre- 
cipitation of the compound as small par- 
ticles and formation of a coacervate of the 
encapsulating material; and 

(d) gelling the encapsulating material. 

A process according to claim 1 wherein the encap^ 
sulated material is hardened. 

A process" according to claim 1 wherein the encap- 
sulated material is redispersed in a liquid and 
encapsulated in a different encapsulating 
material. 



A process according to claim 1 wherein additional 
electrolyte is added after step (b) to cause con- 
current precipitation of the compound as small 
particles and formation of a coacervate of the 
encapsulating material. 
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5. A process according to claim 1 wherein the com- 
pound is pharmaceutical^ active, 

6. A process according to claim 1 wherein a wetting 
agent is used in step a, 

5 7, A process according to claim 1 wherein, if needed, 
the temperature is controlled in step c. 

8. A process according to claim l f wherein the phar- 
maceutical^ active compound is selected from the 
group consisting of budesonide and felodipine. 

10 9. A process according to claim l, wherein the encap- 
sulating material is selected from the group con- 
sisting of gelatin, methylcellulose, hydroxypropyl 
methylcellulose, sodium carboxymethylcellulose, 
cellulose acetate phthalate, ethylcellulose, and 

15 polyvinylpyrrolidone . 

10. A process according to claim 7, wherein the ratio 
of encapsulating material to wetting agent to 
electrolyte is about (0.1-6) : (0.1-4) : (0.1- 
10) : (0.4-48) . 
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